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SUMMARY
ThekineticsofmetalexchangereactionbetweenCu（II）－pOly（vinylalcohol）（PVA）complex
and Ca（ⅠⅠ）－ethylenediamine－N，N，N／，N／－tetraaCetic acid（Ca（II）－EDTA）have been studied
bythemixingbothsollltionsinaspectrophotometeratpH9．7－11．0，atFL＝0．10（KNO8）and
at25OC．The reactionisinitiated bytheformationofunstableCu（II）－HEPVAbytheattack
of H＋toCu（II）－PVA，andthebothligand exchangeand themetalexchangestep occur，
thelattermayberate－determining．
－d［Cu（II）－PVA］／dt＝k［Cu（II）－PVA］［H＋］［PVA］／［Ca（ⅠⅠ）－EDTA］，Wherek＝ki＋kB／lH＋］，
kl＝3．85×10－2sec‾1∴転＝k′2・K認II）＿H＿PVA＝9．59×1051m01－1sec‾1．
INTRODUCTION
Thekineticsandmechanismsof exchangereactionofmetaLPOlymercomplexesseemof
interestinviewofthemodelreactionsforthemetaltransportil…ivo．InapreviolユSSeries
of papers，Weha・Veinvestigated onthekinetics ofligand exc壬1angereaCtionsbetween Clエ
（II）－POly（Vinylalcohol）（PVA）complexandethylenediamine－N，N，NJ，N′－tetraaCeticacid，and
betweenCu（II）－amminecomplexandPVAinaqueoussollユtion1－2）．Andwehavereported
Onthekineticsofmetalexchangereactionbetween Cu（II）－PVA complex and Zn（II）．EDTA
i＞　　inaqueoussolution8）・Itispossibletoclassifythe exchange reactions of metal－POlymer
complexesintofive types3）．Inthemetalexchangereactionbetween Cu（II）－PVAand Zn
（II）－EDTA，thebothligand exchange（betweenmetaLPOlymer complex andlowmolecular
weightligand）and themeta．1exchange（betweenmetaLPOlymercomplexandlowmolecu－
1arweightmetalcomplexes）are cooperative events．The presentpaperconcerns withthe
metaLeXChangekineticsbetween Cu（II）－PVA complex：and Ca（II）－edta anionin aqueouS
SOllユtion．
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EXPERIMENTAL
肋fergαJ∫
PVA（NMr14），a PrOdlユCt Of NipponSynthetic ChemicalIndustry Co，Ltd．was used．
T11e PVA was separatedintoseveralfractions of different average molecular weight acc－
Ording tO the methodgivenby Matsumoto4），and eachfractionwascompletelyhydrolyzed
by alkaliin met壬lanO15）．The concentration of PVA usedin these experiments was O．08
mol／1．Ca（II）－edta anion obtained from Wako Pure ChemicalInd．was purified by recryst－
allization three times from methanoI water and driedin air at800C．The concentration
of astock solutionof Ca（II）－edta anion（0．16mol／1）was standardized by an atomic ab－
sorptionspectrophotometer（Hitachi－207type）．An aqlユeOlis soltltion of Clユ（ⅠⅠ）ion was
addedtothe PVAs0111tion，andthepHofmixedsolutionwasadjustedtOthe desired pH
ValuewithKOH3）．Theionicstrengths of Ctl（II）－PVAand Ca（II）qedta anion were main－
tained at o．lmol／1withKNO8．The Cu（II）－PVA complexsolutionswerekeptat25OC for
24hrbefore eachexperiment．Other reagents usedhere were of analytical gradefrom
COmmerCialorigin andlユSedwithout further purification．
肋とゐod
Electronicspectra weremeasured onaShimazu UV－200spectrophotometer．Thereacti－
Ons were carried outin aUVspectrometer．pHmeasurementsweI・e Carried outwith a
Hitachi－HoribaF7－SSPHmeter．Kineticmeasurementsweregenerally made as follows；
onesolution containing～4×10‾4mol／1Cll（ⅠⅠ）－PVA，（theratio of Cu（Ⅱ）ionto OHgroup
inPVA，T。u2＋／THL＝0．05）wasbroughttothestartingpHwith0．1N∵KOHsolution．Asecond
SOllユtion containing2×10－2mol／1Ca（II）－edtaanionwasbroughttothesame pH．Ionicstr－
engthsof thesesolutionSWeremaintainedat0．1mol／1with KNOB．Thesesollユtionswere
mixedintheratioofl：1（Ⅴ／V）inalcm cellof UVspectrophotometer．O to O．l optical
densityrange at400nm wereuSedinthespectrophotometer．Allrate were measuredat
25±0．＿lOC．
RESULTS AND DISCUSSION
S如C汗α　Regぴgね
When aCu（II）rPVAsolutionis addedtO aSOlution containing Ca（ⅠⅠ）Nedta anion compl－
ex，the colour ofsollユtion c‡1angefromgreent01ightblue．Achangeinelectronicspectra
observed before and after the reactionis shownin Figurelasanexample．The formation
Of complex of PVA with Cu（II）ion was comfirmed bythe appearanCe Of peaksat640nm
aswellas260nm，and an absorptionshoulder at about360nm2）．As showninthisfigure，
the remarkable absorptionfor Cu（II）－PVA complexdecay at about360nmandat640nm．
Thisfactsuggests thatthemetalexchangebetweenCu（II）－PVA andCa（II）－edtaanionis
occuredbythemixingbothsollユtions．We canobservethetime－COurSeOf metalexchange
reaction by detecting the remarkable decrease at400nm・
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Figtlrel Electronicspectraforthereac七三onof Cu（II）－PVA complex with Ca（工Ⅰ）－edta
anionbefore（a）and after（b）the reactionin aqueous solutionat pHlO．5　aS
Wellasat250C；T蝕鈷／THL＝0．05，［Cu（II）－PVA］＝4×10－4mol／1，［Ca（ⅠⅠ）－EDTA］
＝2×ユ0‾2mol／1，〃＝0．1（KNO8）
Figllre2　ChageinD400forthereactionofCu（II）NPVA complexwith Ca（II）－EDTAin
aqueolユSSOlutionat pHlO．5andat250C；［Cu（II）－PVA］＝4×10q4mol／1，［Ca（ⅠⅠ）－
EDTA］＝2×10，2mol／1，Tou2＋／TEL＝0．05∴已＝1250，P＝0．1（KNO8）
戯ク7gffc j～βざ〃Jね
The rates of reactionS PrOducedbymixing Cu（II）－PVA complex with Ca（ⅠⅠ）－edta anion
Were followed bymonitoring the diSaPPearanCe Of the absorption at400nm．Figure．2
ShowsthedecreaseontranSmittedlightintensityasthereactionproceedS．
PlotS Oflog（AもーA印）as afunctionof time were obtainedllSing an approximate vallユe for
A朗．Appropriate plots obtained from atypicalrun（Fig．2）are showninFigure3．
Ingeneral，Straightlines were obtainedforthe reactions．Allplots obtainedint壬1uSeXp－
eriments showed，aS eXPeCted，thatthereactionsinthe presence of an excess of Ca（II）－
edtaanion andlユnderbuffered conditions were pseudorfirst order．Fromthese findings，
the reaction of Cu（II）－PVA complex with excess Ca（II）－edta anion followed the rate
－d「Cu（％PVA］＝k。bs。［Cu（II）－PVA］．　　　　　　　（1）
Themetalexchangereactions were carried out at25OC and atiL＝0．1（KNOB），Varying
the pH9，7－11．0and keepingtheconcentrationofCtl（II）－PVAandCa（II）－edtaanion．Figure
4showsthek。bsd Plotted against theinitialconcentrationof hydrogenion．
Fromthefigure，it was found thatk。bBd WaS prOPOrtionalto［H＋］1・0．Thus the reaction
exhibitsspecific acid catalysiS．Inanotherseries of runs，tlle dependence of k。bsd Ont11e
initialconcentrationof PVAwasstudied at constant concentrationof Ca（II）－edta anion
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Figure3（At－A00）relation obtained from Fig．2
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Figure4　k。bsd aS a function of hydrogen concentration；［Cu（ⅠⅠ）－PVA］＝4×10‾lmol／1，
［Ca（ⅠⅠ）－EDTA］＝2×10－2mol／1，Tc。2＋／T乱＝0．05，250C，FL＝0．1（KNO3）
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as二wellas二Cu（ⅠⅠ）ion concentration，at PHlO．5，P＝0．1（KNO3），and at250C（Figure5）
／
メ。㌃針一′′
0　　　　　　0．5　　　　1．0　　　　1．5　　　　　2．0
〔PVA〕×102
Figllre5　k。bsd aS a function of PVA concentration；［Cu2＋］＝4×10Ll mol／1，［Ca（ⅠⅠ）－EDTA］
＝2×10，2mol／1，pHlO．5，FL＝0．1（KNO3），250C
0　　　　　　0．5　　　　1．0　　　　1．5　　　　　2．0
〔Ca（II）－EDTA〕×102
Figtlre6　k。bsd aS a function of Ca（ⅠⅠ）－edta anion concentration；［Cu（ⅠⅠ）－PVA］＝∠1×10vimol
／1，pHlO．5，T。。2＋／Tm．＝0．05，FL＝0．1（KNO8），250C
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From Figure5，it was found that the rate of exchange reaction was also proportional
to［PVA］110
Finally the metalexchange reactions were carried out at250C，pHlO．5and at F＝0．1
（KNO3），Varying the concentration of Ca（ⅠⅠ）－edta anion，and keeping the concentration
Of Cu（ⅠⅠ）－PVA complex as shownin Figure6．
FromtheresultsofFigure6，k。bsdisinversely proportionalto first orderwithrespect to
Ca（II）一edta anion．Because the exchange reaction can not occurwithoutCa（ⅠⅠ）－edtaanion，
the formation of Ca（OH）2at higher pH seems to have anyinfluence for the exchange
reaction．
Ca（II）－EDTA2‾ごCa2＋＋EDTA4‾
at higher pH
Ca：＋＋20H－ごCa（OH）2
Figure7Shows the dependence of k。bsd On tlle COnCentration of added Ca（OH）2，at pH
lO．5，Ft＝O．1（KNOs），and at250C．
⊂＼Ⅶ
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Figllre7　k。bsd ES a fuilCticn cf added CaI＋icn ccncentration；［Cu（II）－PVA］＝4×10～imol／1，
［Ca（II）－EDTAコ＝2〉こ10．二riユ01／1，pHlO．5，／＝0．1（KNO。），250C
As expected，the rate Gf exchange reactionis proportional to［Ca（OH）2二「1．
On the other壬1and，the rate of exchange reactiGn WaS aCCelerated by the addition of
free EDTA anic、n．This fact suggeStS theligand exchange reaction by edta anion formed
in EQ．（2）takes placein this reaction．
By which mentioned abっve，thel・atelaw of this reactionis given by
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d［Cu（望－PVA］＝k［Cu田だ慧］，巴コ掌竺壁
dt　　　－’L　　　［Ca（ⅠⅠ）－EI）TA］
＝k相当葦露語謀芸竿
＝kl［C号等i詣環A］＋圭
［Ca（ⅠⅠ）－EDTA］
＝躍甥農芸等些］＋k′2匹裏韮げVA］［PVA］－一旦型
［Ca（ⅠⅠ）－EDTA］
［Ca（ⅠⅠ）－EDTA］
Wbere，ko（印＝kl＋k′2［H＋］
＝k。bs。E⊆裏！旦望些E皇］
［PVA］
（4）
（5）
（6）
（7）
（8）
（9）
個
InFigure8，thevaluesof ko（H）determined atvariouspHs areplotted againstthehydr一
・Ogenion concentration．Itis evidentthatko（H）islinearly related hydrogenion concentra一
七ion．Fromtheslopeof the graphin Fig・8，k′2＝6．23×1031m〇1－1sec－1，and from the
intercept of that，kl＝3．85×10‾2sec－1at FL＝0．1（KNO3）and at250C．
0　　　　　　0．5　　　　　1．0　　　　　1．5　　　　　2．0
〔H＋〕×1010
Figllre8ko（H）aSafllnCtionofhydrogenion concentration；［Cu（II）－PVA］＝4×10－4mol／1，
［Ca（II）－EDTA］＝2×10‾2mol／1，TcuB＋／TIIL＝0．05，PHlO．5，iL＝0．1（KNOa），250C
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From EQ．（6）and EQ．（7），We Obtain
k2［Cu（m－H－PVA］＝k′2［Clユ（m－PVA］［H＋］
貴＝、［笥態琵封等＝藍Ⅰ仰VA＝10－2嘲
毎＝k′2・K認ⅠⅠトE＿？，A
＝9．59×1051mol‾1sec－1．．
加わCα乃ね〃　げ属ズCゐα乃ge点βαCfわ乃
Inthe substitlユtion of Clユ（ⅠⅠ）－PVA complexwith Ca（II）－edtaanion，first，a PrOtOn atta－
Cks to the Clユ（II）－PVA to form theintermidiate Cu（II）－H－PVA，andthereactioninitiates．
Once protonated，Cu（II）－PVA complex becomes tO be unstable；andis attacked by EDT
Aトformedin EQ．（2）equilibrillm．
This stepis theligand exchange reactionsuch as the mechanism proposedtothereaction
between Co（II）－EDTA and PAR6）．Namelytherole of this protonis tO enterinto the
unstablesite of the complex and preventthe recombination of the multidentateligand，
as wellas tO PrOmOte the dissociation electrostatically．
Ctl（II）－PVA＋H＋≠Cu（II）－H－PVA
2Ca（II）－EDTA≠2CaB＋＋2EDTA4r
Cu（ⅠⅠ）－H－PVA＋EDTA4，≠Clユ（II）－EDTA＋H－PVA
Cu（II）－PVA＋Ca帥≠Cu（II）－PVA－Ca2＋
Cu（II）－PVA－Ca2＋≠Ca（II）－PVA＋Cu2＋
CuB＋＋EGTA4‾まCu（II）－EDTA
Ca帥＋2（OH‾）きCa（OH）2
On the other hand，free Ca2＋ion attacks to the Cu（II）－PVA complex to form the binu－
clerintermidiate Clユ（ⅠⅠ）－PVA－Ca2＋，and Clユ鈷ionis released from thisintermidiate．This
stepis themetalexchangereaction．
In case of themetalexchange reactionoflowmolecularligand complex7，8），SuCh as
between Ni（II）－EDTA and Zn鈷9），the step of Ni2＋elimination from the binlユClerinter－
midiateis rate－determining．
The protonation of Cu（II）NPVA complexis very rapid，butthe binuclerintermidiate
is not PrOtOnated，SO the addition of Ca2＋to Clユ（ⅠⅠ）－PVA serves to slow down the rate
Of exchange reaction．
This Cu鈷elimination from theintermidiateis rate－determining，and the metal exc11a＿
nge steplS a dominantfactarof the rate．
Eliminated Cu2＋is catched by free edtaトanion．
ACKNOLEDGEMENT
The author wouldlike to thank Dr．Hirofusa Shiraiof Department of FtlnCtionalPoly－
merScience，Shinsyu Universityfor壬1elpfuldiscussions and Miss Kyoko Negishi for as－
Sistancein this study．
66
???????
Kinetics of MetalExchange Reaction
REFERENCES
l）T．Su2；uki，H．Shirai，F．Shimi2；u and N．Ho50，PolymerJburnal，incontriblユtion
2）T．Su2；uki，H．Shirai，S．Tokutake and N．Ho50，Polymer，unPublished
3）T．Sl12；uki，H．Shirai，F．Shimizu and N．Hojo，Polymer hurlWl，incontribution
4）M．MatSumO叫∴馳ね那加属毎画拘18，169（1961）
5）N．Hojo，H．sIlirai，E．SakataandM．Fukllda，属bgヅ0励gα烏“Zがざ鬼才，73，1862（1970）
6）S．FunahashiandM．Tanaka，Bull．Chem．Soc．hPan，43，763（1970）
7）T．J．BydalekandD．W．Margerum，LAmer．Chem．Soc．，83，4321（1961）
8）D・W・Margerum，D．LJanesandH．M．Rosen，JIAmer．Chem．Soc．，87，4463（1965）
9）D．W．MargerumandT．J．Bydalek，bwrg．Chem．，1，852（1962）
67
「 ?
